controlled nanocerias display slightly lower value, which is associated with grain surface relaxation of small nanoparticles. 1 This is further confirmed by the average crystalline sizes determined from the reflections of (111) based on Scherrer equation (Table S1 ). HRTEM images were also collected on all nanomaterials to characterize the average size and shape. Figure 1A 1 exhibits the obvious aggregation of particles in CeO 2 -CV with the size of ∼24 nm, while ceria nanopolyhedron consists of uniform particles with a narrow size distribution in the range 9-15 nm; most of them are ∼13 nm in Figure 1B . Furthermore, clear lattice fringes with interplanar spacing of 0.31 and 0.27 nm are observed in both samples, implying CeO 2 -CV and CeO 2 -NP are preferred to expose (111) and (200) facet. Also in this case, it is interesting to note from SAED that CeO 2 -NP is of single-crystalline nature different from CeO 2 -CV as polycrystalline, as shown in Figure 1A 3 and B 3 . For the cube-like CeO 2 ( Figure 1C ), it is composed by nanocubes with a basically homogeneous particle size distribution (13- As in Figure S4 , the morphology for these four substrates was well preserved after the incorporation of active species. Random selection of 200 particles in different regions ( Figure S4 insets) are carried out to measure the mean size and distribution. For
Ni-Cu/CeO 2 -NP, the average size is found to be 2.6 nm, which is smaller than those of Ni-Cu/CeO 2 -CV (4.3 nm), while the average sizes observed in Ni-Cu/CeO 2 -NC and Ni-Cu/CeO 2 -NR are quite close, ∼3.5 nm. Additionally, the metal dispersion of all catalysts was surveyed by CO-chemisorption, although the stoichiometric ratio of M/CO is complicate and controversial. However in our system, CO/M=1:1 is assumed based on the studies. 2, 3 The obtained data summarized in Table S2 clearly display the f NiO is used as reference with the coordination number of 6 and atomic distance of 2.08 Å (Table S5) , the I 2 /I 1 ratio in Table S6 The adsorption isotherms of H 2 on this series of Ni-Cu/CeO 2 catalysts meets Langmuir model, and thus these adsorption systems was fitted using linear Langmuir isotherm. 14 The correlation coefficients (R 2 > 0.9990) for linear Langmuir listed in Table S9 ) values reflect good fitting of experimental data towards Langmuir isotherm, which indicates that once H 2 molecules occupy homogeneously the sites on the surface of adsorbent, the adsorption is terminated and as consequence the monolayer of H 2 is obtained. 
